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Description 

The present invention relates to a novel foamable epoxy resin composition. More particularly, the present invention 
relates to a liquid or paste-like foamable composition using a thermosetting epoxy resin as a base, which composition 
5 can easily provide a dense foamed material suitable usable in such application fields as automobiles, vehicles, house- 
hold electric appliances, building materials and the like. 

It is generally known that in automobiles, the fuel consumption can be improved by about 1 % by reducing the 
body weight by 1 %. Hence, since the first oil shock of 1973, use of lightweight body in automobiles for improvement 
of the fuel consumption has become an important task in automobile designing, and it has been studied and adopted 
io to, for example, use a plastic outer panel, an aluminum member, a high-tensile-strength steel plate, various reinforcing 
members, lightweight parts, etc. Improvement of automobile fuel consumption has become more necessary recently 
in connection with measures for global warming, and making the automobile body weight further lighter has therefore 
become an urgent task. 

Various measures therefor have been taken. For example, a lightweight honeycomb composite panel obtained by 

15 adhering two steel plates to a paper honeycomb core in a sandwich structure is used in a honeycomb roof, etc. in order 
to achieve lightweightness and high rigidity (the paper honeycomb core also has a sound insulating property and a 
damping property), and a panel comprising a steel plate and a foamed asphalt bonded thereto was developed and is 
actually used for the same purpose as above. 

However, development of a smaller engine capable of producing the same horse power per liter of fuel, develop- 

20 ment of a body of lighter weight, further reduction in air resistance, etc. are reaching respective limits, and significant 
improvement of automobile weight from automobile structural aspect is virtually difficult now. 

The optimum measures for lighter weight is to use a thinner body panel. The thinner body panel, however, results 
in reduced body strength, deterioration of sound insulating property and damping property, etc., inviting unfavorable 
matters. Meanwhile, it is known that a plastic material having a dense porous structure of 0.5 mm or less, preferably 

25 0.3 mm or less in average cell diameter and an expansion ratio of generally 5 times or more is best suited as a material 
of lightweightness and rigidity; hence a foamed plastic material of the above structure having adhesivity has come to 
be widely used as a reinforcing material for enhancing the surface rigidity of thinner steel outer panel. 

For production of a hard foamed material from a liquid raw material, various processes are known, such as (1) a 
process wherein a foaming agent capable of generating a gas when heat-decomposed is added to obtain a foamed 

30 material, (2) a process wherein foaming is caused by mechanical stirring in the presence of a foam stabilizer to obtain 
a foamed material (US Patent No. 4,546,118 and SU Patent No. 992,525), and (3) a process wherein hollow fine 
particles are mixed to obtain a foamed material (Japanese Patent Application Laid-Open No. 19033/1985, US Patent 
Nos. 4,410,639 and 4,605,688). 

As the process (1 ), there were proposed, for example, a process, wherein a composition comprising a vinyl chloride 

35 resin, an epoxy resin and a foaming agent is heat-treated (Japanese Patent Application Laid-Open No. 272515/1988) 
and a process wherein a heat-shrinkable polymer sheet containing a foaming agent is laminated onto a fiber substrate 
and the laminate is heat-treated (Japanese Patent Application Laid-Open No. 159269/1981). However, the former 
process has a fear in that the resin contained in the foamed material may undergo thermal decomposition at high- 
temperature steps in automobile production line, such as electrocoating step and the like; and the latter process has 

40 a drawback in that the foamed material layer is as thin as 0.5 mm or less and accordingly inferior in damping property 
and sound insulating property. 

In the process (2), air, a f reon gas or the like is trapped into a liquid composition in the presence of a foam stabilizer 
such as silicone type, by the means of a mechanical shear force by a mixer or a whipper. However, the process has 
a drawback in that bubbles give rise to a drainage phenomenon during the curing step of foamed material and collapse, 

45 making it difficult to obtain a dense foamed material having a density of generally 0.2 g/cc or less and an average cell 
diameter of 0.3 mm or less. 

The process (3) has a serious drawback in that the composition before foaming generally incurs viscosity increase 
making the coating, etc. difficult. 

Under the above situation, the object of the present invention is to provide a liquid material which can provide a 
so light, rigid and dense foamed material, which can be strongly adhered even to an anti-rust oil treated metal and which 
has good heat resistance and can be applied in, for example, automobile production, before the electrocoating step. 

The present inventors made study and found that the above object can be met by a foamable epoxy resin com- 
position comprising a liquid epoxy resin, a latent curing agent for epoxy resin, a foaming agent having a particular 
decomposition temperature, a surface active agent and a particular rubbery elastomer or a particular powdery ther- 
ss moplastic resin in given proportions, which composition has a melt viscosity of particular range at the decomposition 
temperature of the foaming agent. 

According to the present invention, there is provided a foamable epoxy resin composition comprising 
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(A) 100 parts by weight of a liquid epoxy resin having at least one epoxy group in the molecule, 

(B) 0.5-20 parts by weight of a latent curing agent for epoxy resin, 

(C) 0.5-15 parts by weight of a foaming agent having a decomposition temperature of 150-220°C, 

(D) 0.05-5 parts by weight of a surface active agent, and 

5 (E) 10-200 parts by weight of powdery halogen-free thermoplastic resins of 150 jim or less in average particle 

diameter, insoluble in component A at room temperature but miscible with and dispersible in (A) at temperatures 
of 80-1 50°C and capable of being melted to form an intimate mixture with said epoxy resin at 150-220°C, which 
composition has a melt viscosity of 2.5x1 0 3 - 5x1 0 4 dPa-s at 150. 

10 in the present composition, the liquid epoxy resin used as the component (A) has at lease one epoxy group in the 

molecule. Such a liquid epoxy resin includes, for example, (1) a diglycidyl ether using bisphenol A, bisphenol F or 
resorcin as a base, (2) a polyglycidyl ether of a phenolic novolac resin or a cresol novolac resin, (3) a diglycidyl ether 
of hydrogenated bisphenol A, (4) a glycidylamine type, (5) a linear aliphatic epoxide type and (6) a diglycidyl ester of 
phthalic acid, hexahydrophthalic acid or tetrahydrophthalic acid, all having an epoxy equivalent of preferably 100-300. 

15 These liquid epoxy resins can be used alone or in combination of two or more. They may be used in combination 

with a flexible epoxy resin such as ethylene oxide- or propylene oxide-added bisphenol A type epoxy resin, dimer acid 
type epoxy resin, epoxy-modified NBR or the like in order to impact toughness to the foamed material obtained. 

In the present composition, a latent curing agent for epoxy resin is used as the component (B). This curing agent 
preferably gives the exothermic temperature of 100-200°C when combined with an epoxy resin. Such a latent curing 

20 agent includes, for example, imidazole derivatives such as dicyandiamide, 4,4'<iiaminodiphenyl sulfone, 2-n-heptad- 
ceylimidazole and the like; isophthalic acid dihydrazide; N.N-dialkylurea derivatives; N,N-dialkylthiourea derivatives; 
acid anhydrides such as tetrahydrophthalic anhydride and the like; isophoronediamine; m-phenylenediamine; N-ami- 
noethylpiperazine; boron trifluoride complex compounds; and trisdimethylaminomethylphenol. 

These curing agents can be used alone or in combination of two or more. The amount of curing agent used must 

25 be selected within the range of 0.5-20 parts by weight per 100 parts by weight of the component (A), i.e. the liquid 
epoxy resin. When the amount is less than 0.5 part by weight, the resulting composition is not cured sufficiently and 
gives a foamed material of insufficient rigidity. When the amount is more than 20 parts by weight, the rigidity of foamed 
material does not increase in proportion to the increase in said amount; such an amount is therefore uneconomical. 
The exothermic temperature used herein refers to such a temperature of heating medium when an epoxy resin 

30 and a curing agent are mixed at room temperature and the resulting mixture is subjected to temperature elevation 
using a heating medium such as oil bath, heater or the like and thereby is cured to give the maximum heat generation. 
The preferable combination and amounts of the epoxy resin and the curing agent suitable for the heating conditions 
employed can easily be determined in advance by testing. 

In the present invention, together with the component (B), i.e. the curing agent, there can be used, as necessary, 

35 a curing accelerator such as alcohol type, phenol type, mercaptan type, dimethylurea type, alicyclic type, imidazole, 
monuron, chlorotoluene or the like. 

In the present composition, a foaming agent of high-temperature decomposition and foaming type having a de- 
composition temperature of 150-220°C is used as the component (C). As such a foaming agent of high-temperature 
decomposition and foaming type, there can be used an organic foaming agent, an inorganic foaming agent, microcap- 

40 sules of high-temperature expansion type, etc. When a foaming agent having a decomposition temperature lower than 
1 00°C is used, foaming starts already at the time of sheeting, or the melting of resin is insufficient at the time of foaming 
in a heating oven, causing gas leakage and insufficient expansion ratio or making it difficult to obtain a uniform foamed 
material. Meanwhile, when the decomposition temperature is more than 220°C, the composition containing a foaming 
agent having such a high decomposition temperature must be processed at a correspondingly high temperature, caus- 
es ing deteriotation and making it difficult to obtain a foamed material of good quality. 

The organic foaming agent includes, for example, azodicarbondiamide, p-toluenesulfonyl hydrazide, dinitrosopen- 
tamethylenetetramine and 4,4'-oxybisbenzenesulfonyl hydrazide. The decomposition temperature of these organic 
foaming agents can be controlled desirably by adding thereto urea, a zinc compound, a lead compound or the like. 
The inorganic foaming agent incudes, for example, sodium hydrogencarbonate and sodium boron hydride. The micro- 

50 capsules of high-temperature expansion type include, for example, microcapsules comprising a vinylidene chloride 
resin and a low-boiling hydrocarbon encapsulated therein. 

In the present invention, there can be used any of an organic- foaming agent, an inorganic foaming agent and 
microcapsules of high-temperature expansion type. However, an organic foaming agent is preferable in view of the 
expansion ratio, economy, etc. These foaming agents can be used alone or in combination of two or more. The amount 

55 of foaming agent used is selected in the range of 0.5-15 parts by weight per 100 parts by weight of the component (A), 
i.e. the liquid epoxy resin. When the amount is less than 0.5 part by weight, foaming is insufficient. When the amount 
is more than 15 parts by weight, the expansion ratio does not increase in proportion to the increase in said amount, 
and such an amount is uneconomical. 
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A foaming agent consisting of particles of smaller diameters is preferable in order to obtain a dense foamed material 
having a uniform cell diameter and a rigid cell wall. For example, in order to obtain a foamed material having an optimum 
cell diameter of 0.1-0.6 mm, preferably about 0.3 mm, it is desirable to use a foaming agent having uniform particle 
diameters of 20 u.m or less preferably 10 u.m or less. 

s In the present composition, together with the foaming agent, there can be used, as necessary, a foaming accel- 

erator. Such a foaming accelerator includes, for example, zinc oxide, lead stearate, calcium stearate, zinc stearate, 
barium stearate, a sodium or potassium compound and urea. 

In the present composition, a surface active agent can be used as the component (D). The surface active agent 
has a role of giving a better cell structure. Preferable as the surface active agent are anionic surface active agents 

10 such as salt of alkyl sulfate (e.g. sodium lauryl sulfate, sodium myristyl sulfate), salt of alkylarylsulfonic acid (e.g. sodium 
dodecylbenzenesulfonate, potassium dodecylbenzenesulfonate), salt of sulfosuccinic acid ester (e.g. sodium dioctyl 
sulfosuccinate, sodium dihexyl sulfosuccinate), salt of aliphatic acid (e.g. ammonium laurate, potassium stearate), salt 
of polyoxyethylene alkyl sulfate, salt of polyoxyethylene alkyl aryl sulfate, salt of resin acid and the like. Needless to 
say there can also be used nonionic surface active agents such as sorbitan ester (e.g. sorbitan monooleate, polyox- 

15 yethylene sorbitan monostearate), polyoxyethylene alkyl ether, polyoxyethylene alkyl phenyl ether, polyoxyethylene 
alkyl ester-and the like, and cationic surface active agents such as cetylpyridinium chloride, cetyltrimethylammonium 
bromide and the like. 

These surface active agents can be used alone or in combination of two or more. The amount of surface active 
agent used is selected in the range of 0.05-5 parts by weight, preferably 0.2-3.0 parts by weight per 100 parts by weight 
20 of the component (A), i.e. the liquid epoxy resin. The surface active agent can be advantageously added by spraying 
it on a thermoplastic resin as the component (E) and drying to allow it to be uniformly adsorbed by the component (E). 

In the present composition, there can be used, as the component (E), a halogen-free thermoplastic resin, insoluble 
in the component (A), i.e. the epoxy resin at room temperature but miscible with and dispersible in the epoxy resin at 
temperatures of 80-1 50°C. 

25 The thermoplastic resin must be powdery and have an average particle diameter of 1 50 ujti or less. A preferable 

thermoplastic resin is a resin capable, when the composition is heated to a temperature of 150°C or higher, of being 
melted to form an intimate mixture with the component (A) (epoxy resin) and further capable of maintaining the melt 
viscosity of the composition stably. Such a resin includes thermoplastic resins such as ethylene-vmyl acetate copolymer, 
polyphenylene ether, ethylene-vinyl alcohol copolymer, acrylonitrile-styrene coolymer, polyamide, polyvinyl butyral, 

so polyvinyl acetal, polymethyl methacrylate, acrylonitrile-butadiene-styrene copolymer, methyl methacrylate-butadiene- 
styrene copolymer, polystyrene and the like. These resins can be used alone or in combination of two or more. 

The component (E) has not only a role of controlling the melt viscosity of the composition but also a role of imparting 
toughness to the foamed material obtained. In the present composition, the amount of component (E) used is selected 
in the range of 10-200 parts by weight per 100 parts by weight of the component (A) (liquid epoxy resin). 

35 In the present composition, the degree of affinity between the component (A) (epoxy resin) and the component 

(E) (thermoplastic resin) is important, and the type, molecular weight, particle diameters, amount used, etc. of the 
component (E) must be selected appropriately. With respect to said degree of affinity, it is not preferable that the 
polymers be completely compatible with each other during melting, and the polymers are preferably in a state of stable 
dispersion and mixing. Hence, depending upon the combination of the polymers, it is desirable that a plasticizer be 

40 added to increase the affinity between the polymers and thereby control the affinity. 

The plasticizer has also a role of controlling the melt viscosity of the composition. As the plasticizer there can be 
used those conventionally known, such as phthalic acid ester (e.g. dioctyl phthalate, dibutyl phthalate), phosphoric 
acid ester (e.g. tricresyl phosphate), aliphatic acid ester (e.g. dioctyl adipate), adipic acid condensate of ethylene glycol, 
trimellitic acid triester, glycol acid ester, chlorinated paraffin, alkylbenzene and the like. 

45 in the present composition, a diluent for epoxy resin can be compounded as necessary in order to make easy 

initialstage mixing and enable the use of filler, etc. in increased amounts. Such a diluent includes reactive diluents, 
such as butyl glycidyl ether, allyl glycidyl ether, phenyl glycidyl ether, cresyl glycidyl ether, and the like, as well as non- 
reactive diluents such as dibutyl phthalate, dioctyl phthalate, butyl benzyl phthalate, tricresyl phosphate, acetyl tributyl 
citrate aromatic process oil, pine oil, 2,2,4-trimethyM ,3-pentanediol diisobutyrate and the like. These diluents are used 

so in the 'range of ordinarily 5-150 parts by weight, preferably 10-120 parts by weight per 100 parts by weight of the 
component (A) (liquid epoxy resin). 

In the present composition, a thixotropic agent and a filler can be added as necessary in order to control the 
processability and coating property (e.g. viscosity) of the composition or increase its volume for reducing the cost. 
Further, a pigment, etc. may be added. 

55 The thixotropic agent includes, for example, silicic acid types such as silicic acid anhydride, hydrous silicic acid 

and the like- bentonite types such as organic bentonite and the like; asbestos types such as SILODEX and the like; 
and organic' types such as dibenzylidene sorbitol and the like. These thixotropic agents are sued in the range of ordi- 
narily 1-20 parts by weight per 100 parts by weight of the component (A) (liquid epoxy resin). 
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The filler includes, for example, calcium carbonate, mica, talk, kaolin, clay, Celite, asbestos, pearlite, baryta, silica, 
siliceous sand, flaky graphite, dolomite, lime stone, fine aluminum powder and the like. The pigment includes, for 
example, titanium dioxide, litharge, lithopone, zinc oxide and carbon black. 

The foamable epoxy resin composition of the present invention can be prepared by mixing the components (A), 

5 (B), (C), (D) and (E) as the essential components and the abovementioned optional components in desired amounts 
using a planetary mixer, a kneader, rolls, a Henschel mixer or the like. 

The thus prepared foamable epoxy resin composition of the present invention must have a melt viscosity of 2.5x1 0 3 
- 5x1 0 4 dPa-s at the decomposition temperature of the foaming agent contained therein. When the melt viscosity is 
outside the range, the resulting composition is unable to give a foamed material having good appearance, an expansion 

10 ratio of 5 times or more and an average cell diameter of 0.5 mm or less and small in slippage caused by vertical foaming. 

The present composition can give a dense, tough and heat-resistant epoxy resin type foamed meterial having an 
expansion ratio of 5 times or more and an average cell diameter of 0.5 mm or less, by heating the composition to 
150-200°C to give rise to decomposition of foaming agent and curing reaction of epoxy resin simultaneously according 
to a known thermal molding method such as plastisol processing method, calendering, extrusion or the like. 

is When the foamable epoxy resin composition of the present invention is used as a reinforcing material, a heat 

insulating material, a damping material, etc. for outer panels of automobiles, the composition can be applied most 
efficiently by (a) first molding the composition into a nonfoamed sheet having adhesivity, at a temperature lower than 
the decomposition temperature of the foaming agent contained n the composition, (b) cutting sheet into a desired 
shape, (c) adhering the cut sheet to a material which is resistant to heating and which is to be improved in property (e. 

20 g. strength or the like), at the production site of intended material and (d) heating the resulting laminate to give rise to 
foaming and curing of the epoxy resin contained in the composition, to adhere the foamed material strongly to the 
material to be improved in property and allow the foamed material to have sufficient rigidity. Such an application method 
can be employed also when the present composition is applied to a metallic thin plate of large area for the purposes 
of reinforcement, heat insulation, damping, etc. 

25 When the present composition is used for outer panels of automobiles, it can be applied even at the step before 

electrocating, in automobile production line and thus has wide applications. 

In the present composition, the gas generated by the decomposition of the foaming agent can be maintained stably 
in a state of dense bubbles, allowing the curing of epoxy resin under a variety of conditions, and moreover the foamed 
composition can maintain a high apparent viscosity even under heating; therefore, the composition can be applied 

30 even to a vertical surface or on a ceiling without dripping and the curing of epoxy resin can proceed as desired. Further, 
the present composition, containing a thermoplastic resin or a rubbery elastomer, has very high adhesivity to an anti- 
rust oil treated metal. 

Furthermore, the present composition can be directly coated on an intended material or directly filled into the gaps 
of a material having gaps. 

35 The present invention is hereinafter described in more detail by way of Examples. However, the present invention 

is by no means restricted by these Examples. 

Incidentally, measurements of properties were made as follows. 

(1) Melt viscosity 

40 

The melt viscosity of composition was measured using Rheometrics Dynamic Spectrometer (a product of Rheo- 
metrics Co.) and parallel plates (40 mm(|i) under the conditions of 1 Hz (frequency), 1 mm (gap between plates), 10°C/ 
min (temperature elevation rate) and 150°C (measurement temperature). 

45 (2) Anti-slippage when composition is subjected to vertical foaming 

A composition was molded at a temperature below the decomposition temperature of the foaming agent contained 
in the composition, to prepare a non-foamed sheet. The sheet was vertically kept and heated to give rise to foaming. 
The degree of slippage generated between the substrate and the foamed material was examined in accordance with 
50 the following yardstick. The conditions for heating to give rise to foaming were 150°C x 20 minutes in Example 1 and 
200°C x 20 minutes in other Examples. 

© No slippage 

O: Slight slippage 

55 A: Considerable slippage 

X : Significant slippage 
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(3) The following rubbery elastomers and thermoplastic resins were used. 
MMA-EA copolymer 

Agglomerates of 30 ujti in average diameter, of primary particles of 0.3 u.m in average diameter. 
5 Ethylene-vinyl acetate copolymer 

Average particle diameter: 120 u,m Epoxy-modified NBR 
A liquid having a melt viscosity of 28,000 dPa-S. 
Vinyl chloride-vinyl acetate copolymer 

A powder of 16 u/n in average diameter, consisting of primary particles of 0.9 \im in average diameter and 

io agglomerates thereof. 

Example 1 

The components of the types and amounts shown in Table 1 were mixed at room temperature using a planetary 
is mixer to prepare a foamable composition. The composition was coated on a release paper in a thickness of 2.0 mm 
using an applicator. The coated paper was heated for 3 minutes in a circulating hot air oven of 110°C to prepare a non- 
foamed adhesive type. 

The non-foamed adhesive tape was laminated onto a steel plate of 0.B mm in thickness; the release paper was 
peeled- the resulting laminate was adhered to a glass cloth of 1 50 urn; the resulting material was heated for 20 minutes 
20 in a circulating hot air oven of 150°C to prepare a lightweight steel plate composite material wherein a hard foamed 
material made from the present composition was sandwiched in between a steel plate and a glass cloth. 

The foamed material layer of the composite material was cut to measure the foamability, average bubble (cell) 
diameter and expansion ratio. The foamability was measured by observing the cut surface and was rated as©when 
the cells were uniform and independent, as O when the cells were partly contiguous, as when A the cells were con- 
25 siderably contiguous, and as X when the cells were substantially contiguous. The average cell diameter was measured 
for the cells other than those directly contacting with the steel plate and the glass cloth. The expansion ratio was 
obtained by dividing the thickness of the foamed material by the thickness of the foamable composition coated. 
The results are shown in Table 1. 

Similar results were obtained when the present composition was coated directly on the glass cloth, not on the 
so release paper 

Example 2 

The procedure of Example 1 was repeated except that the amount of dicyandiamide was changed to 3 parts by 
35 weight, no curing accelerator was used and the foaming and curing temperature was changed to 200°C. The results 
are shown in Table 1 . 

As is clear from Table 1 , a foamed material having a high expansion ratio, rigidity and fine cells can be obtained 
even at high temperatures. 

40 Example 3 

The components of the types and amounts shown in Table 1 were mixed using a Henschel mixer to prepare a 
composition. The composition was coated on a release paper in a thickness of 2.0 mm by T-die extrusion. The sub- 
sequent procedure was the same as in Example 1 except that the heating and foaming conditions were 200°C and 20 
45 minutes. The results are shown in Table 1 . 

Examples 4-5 

Using the components of the types and amounts shown in Table 1, the procedure of Example 3 was repeated. 
so The results are shown in Table 1 . 

As is clear from Table 1 , each of the present compositions provides a foamed material of good foamability having 
an average cell diameter of 0.4 mm or less and an expansion ratio of 5 times or more and is superior in anti-slippage 
when subjected to vertical foaming. 

55 
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55 Comparative Examples 1-5 



The procedure of Example 3 was repeated using the components of the types and amounts shown in Table 2. The 
results are shown in Table 2. 
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Comparative Example 1 is a case in which a vinyl chloride-vinyl acetate copolymer was used as a thermoplastic 
resin. The copolymer ot Comparative Example 1 underwent thermal decomposition at the heating and foaming condi- 
tions of 200°C and 20 minutes. 

Comparative Example 2 is a case in which the amount of thermoplastic resin used was larger than in Example 6 
5 and the melt viscosity of composition was higher than the range of the present invention. The composition of Compar- 
ative Example 2 gave a foamed material of low expansion ratio and inferior foamability. 

Comparative Example 3 is a case in which the amounts of filler and thermoplastic resin used were each smaller 
than in Example 4 and the melt viscosity of composition was lower than the range of the present invention. The com- 
position of Comparative Example 3 gave a foamed material slightly inferior in foamability as well as in slippage caused 
10 by vertical foaming. 

Comparative Example 4 is a case which is Example 4 minus the surface active agent. The composition of Com- 
parative Example4 gave a foamed material of average cell diameter larger than 0.5 mm slightly poor in foamability as 
well as in slippage caused by vertical foaming. 

Comparative Example 5 is a case in which neither thermoplastic resin nor rubbery elastomer was used. The com- 
is position of Comparative Example 5 gave poor foaming and produced a foamed material containing cells of large and 
different sizes. 
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The foamable epoxy resin composition of the present invention can easily provide a foamed material of rigidity 
and good heat resistance, having an expansion ratio of 5 times or more and a dense cell structure of 0.5 mm or less 
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in average cell diameter, and can therefore be used suitably in fields such a s automobiles, vehicles, household electric 
appliances, building materials and the like, as materials such as lightweight reinforcing material, heat-insulating ma- 
terial, buffer material, packaging material, damping material, sealing material, floating material, absorbent material and 
the like. Having good heat resistance, the present composition can be particularly advantageously used as a reinforcing 
5 material for outer panel of automobile body, in a step before electrocoating. 



Claims 

io 1. A foamable epoxy resin composition having a melt viscosity of 2.5x1 0 3 - 5x1 0 4 dPa-s at 150 comprising 

(A) 100 parts by weight of a liquid epoxy resin having at least one epoxy group in the molecule, 

(B) 0.5-20 parts by weight of a latent curing agent for epoxy resin, 

(C) 0.5-15 parts by weight of a foaming agent having a decomposition temperature of 150 -220°C, 
is (D) 0.05-5 parts by weight of a surface active agent, and 

(E) 10-200 parts by weight of powdery halogen-free thermoplastic resins of 150 u.m or less in average particle 
diameter, said resin being insoluble in component (A) at room temperature but miscible with and dispersible 
in (A) at temperatures of 80-1 50°C and capable of being melted to form an intimate mixture with said epoxy 
resin at 150-220°C. 

20 

2. The composition according to Claim 1 , wherein the epoxy resin (A) is (1) a diglycidyl ether using bisphenol A, 
bisphenol F or resorcin as a base, (2) a polyglycidyl ether of a phenolic novolac resin or a cresol novolac resin, 
(3) a diglycidyl ether of hydrogenated bisphenol A, (4) a glycidylamine type, (5) a linear aliphatic epoxide type or 
(6) a diglycidyl ester of phthalic acid, hexahydrophthalic acid or tetrahydrophthalic acid and has an epoxy equivalent 

25 of 100-300. 

3. The composition according to Claim 1 , wherein the latent curing agent (B) is an imidazole derivative, an isophthalic 
acid dihydrazide, an N.N-dialkylurea derivative, an N.N-dialkylthiourea derivative, tetrahydrophthalic anhydride, 
isophoronediamine, m-phenylenediamine, N-aminoethylpiperazine, a boron trifluoride complex compound or tris- 

30 dimethylaminomethylphenol. 

4. The composition according to Claim 1, wherein the foaming agent (C) is azodicarbonamide, p-toluenesulfonyl 
hydrazide, dinitrosopentamethylenetetramine, 4,4'-oxybisbenzenesulfonyl hydrazide, sodium hydrogencarbonate, 
sodium boron hydride or microcapsules comprising a vinylidene chloride resin and a low-boiling hydrocarbon en- 

35 capsulated therein. 

5. The composition according to Claim 4, wherein the foaming agent (C) has uniform particle diameters of 20 u.m or 
less. 

40 6. The composition according to Claim 1 , wherein the surface active agent (D) is an anionic surface active agent. 

7. The composition according to Claim 1 , wherein the polymer (E) is a thermoplastic resin selected from an ethylene- 
vinyl acetate copolymer, a potyphenylene ether, an ethylene-vinyl alcohol copolymer, an acrylonitrile-styrene co- 
polymer, a polyamide, a polyvinyl butyral, a polyvinyl acetal, a polymethyl acrylate, an acrylonitrile-butadiene- 
45 styrene copolymer, a methyl methacrylate-butadiene-styrene copolymer and a polystyrene. 



Patentanspruche 

so 1. Verschaumbare Epoxyharz-Zusammensetzung mit einer Schmelzviskositat von 2,5 x 10 3 bis 5 x 10 4 dPa-s bei 
150°C, enthaltend 

(A) 100 Gew.-Teile eines flussigen Epoxyharzes mit mindestens einer Epoxygruppe in dem Molekul, 

(B) 0,5 bis 20 Gew.-Teile eines latenten Hartungsmittels fur das Epoxyharz, 

55 (C) 0,5 bis 15 Gew.-Teile eines Schaumungsmittels mit einer Zersetzungstemperatur von 150 bis 220°C, 

(D) 0,05 bis 5 Gew.-Teile eines grenzflachenaktiven Mittels, und 

(E) 1 0 bis 200 Gew. -Teile eines Oder mehrerer pulverformiger halogenfreier thermoplastischer Harze mit einem 
durchschnittlichen Teilchendurchmesser von 150 urn Oder weniger, wobei das Harz in der Komponente (A) 
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bei Raumtemperatur unldslich ist, aber mischbar mit und dispergierbar in (A) bei Temperaturen von 80 bis 
150°C und schmelzbar ist unter Bildung eines innigen Gemisches mit dem Epoxyharz bei 150 bis 220°C. 

2. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daft das Epoxyharz (A) (1) ein Digtycidylether, 
bei dem Bisphenol A, Bisphenol F Oder Resorcin als Base verwendet wurde, (2) ein Polyglycidylether eines phe- 
nolischen Novolakharzes Oder eines Cresolnovolakharzes, (3) ein Diglycidylether eines hydrierten Bisphenol A, 
(4) ein Harz des Glycidylamintyps, (5) ein Harz des linearen aliphatischen Epoxidtyps, oder (6) ein Diglycidylester 
von Phthalsaure, Hexahydrophthalsaure oder Tetrahydrophthalsaure ist und ein Epoxyaquivalent von 100 bis 300 
besitzt. 

3. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daft das latente Hartungsmittel (B) ein Imida- 
zolderivat, ein Isophthalsauredihydrazid, ein N.N-Dialkylharnstoffderivat, ein N.N-Dialkylthioharnstoffderivat, Te- 
trahydrophthalsaureanhydrid, Isophorondiamin, m-Phenylendiamin, N-Aminoethylpiperazin, eine Bortrifluorid- 
komplexverbindung oder Trisdimethylaminomethylphenol ist. 

4. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daG das Schaumungsmittel (C) Azodicarbon- 
amid, p-Toluolsulfonylhydrazid, Dinitrosopentamethylentetramin, 4,4'-Oxybisbenzolsutfonylhydrazid, Natriumhy- 
drogencarbonat, Natriumborhydrid ist oder in Form von Mikrokapseln vorliegt, welche ein Vinylidenchloridharz und 
darin eingekapselt einen niedrigsiedenden Kohlenwasserstoff enthalten. 

5. Zusammensetzung nach Anspruch 4, dadurch gekennzeichnet, daB das Schaumungsmittel (C) einheitliche Teil- 
chendurchmesser von 20 jjm oder weniger besitzt. 

6. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daB das grenzflachenaktive Mittel (D) ein anio- 
nisches grenzflachenaktives Mittel ist. 

7. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daB das Polymere (E) ein thermoplastisches 
Harz ist, ausgewahlt aus einem Ethylen-Vinylacetat-Copolymeren, Polyphenylenether, einem Ethylen-Vinylalko- 
hol-Copolymeren, einem Acrylnitrii-Styrol-Copolymeren, einem Polyamid, einem Polyvinylbutyrai, einem Polyvi- 
nylacetal, einem Polymethylacrylat, einem Acrylnitril-Butadien-Styrol-Copolymeren, einem Methylmethacrylat-Bu- 
tadien-Styrol-Copolymeren und einem Potystyrol. 



Revendications 

1. Une composition de resine epoxy expansible ayant une viscosity a I'etat fondu de 2,5 x 10 3 a 5 x 10 4 dPa.s a 
150°C, comprenant 

(A) 100 parties en poids d'une resine epoxy liquide dont la molecule contient au moins un groupe epoxy, 

(B) 0,5 a 20 parties en poids d'un agent durcisseur latent pour ta resine 6poxy, 

(C) 0,5 a 15 parties en poids d'un agent moussant ayant une temperature de decomposition de 150 a 220°C, 

(D) 0,05 a 5 parties en poids d'un agent tensio-actif, et 

(E) 10 a 200 parties en poids de resines thermoplastiques non halog6n6es pulverulentes ayant un diametre 
moyen de particules de 150 jim ou moins, ladite resine 6tant insoluble dans le composant (A) a la temperature 
ambiante, mais miscible a (A) et dispersable dans (A) a des temperatures de 80 a 150°C et pouvant etre 
fondue pour former un melange intime avec ladite resine epoxy entre 150 et 220°C. 

2. La composition selon la revendication 1, dans laquelle la r6sine epoxy (A) est (1) un ether diglycidylique a base 
de bisphenol A, bisphenol F ou r6sorcinol, (2) un ether polyglycidylique d'une resine Novolaque ph6nolique ou 
d'une resine Novolaque de cr6sol, (3) un ether diglycidylique de bisphenol A hydrog6n6, (4) un type de glycidyla- 
mine, (5) un type d'6poxyde aliphatique lineaire et (6) un ester diglycidylique d'acide phtalique, d'acide hexahy- 
drophtalique ou d'acide tetrahydrophtalique, et a un equivalent d'6poxy de 100 a 300. 

3. La composition selon la revendication 1, dans laquelle I'agent durcisseur latent (B) est un derive d'imidazole, un 
dihydrazide d'acide isophtalique, un derive de N,N-dialkyluree, un d6riv6 de N,N-dialkyl-thio-ur6e t I'anhydride te- 
trahydrophtalique, Tisophoronediamine, la m-*ph6nyienediamine, la N-amino6thylpiperazine, un complexe de tri- 
fluorure de bore ou le trisdimethylaminomethylphenol. 
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La composition selon la revendication 1, dans laquelle I'agent moussant (C) est I'azodicarbonamide, I'hydrazide 
p4oluenesulfonique, la dinrtrosopentamethylenetetramine, I'hydrazide 4 1 4'-oxybisbenzenesulfonique, I'hydroge- 
nocarbonate de sodium, le borohydrure de sodium ou des microcapsules comprenant une resine de chlorure de 
vinylidene et un hydrocarbure de bas point d'ebullition qui y est encapsu!6. 

La composition selon la revendication 4, dans laquelle I'agent moussant (C) a des diametres de particules unifor- 
mes de 20 jim ou moins. 

La composition selon la revendication 1 , dans laquelle I'agent tensio-actif (D) est un agent tensio-actif anionique. 

La composition selon la revendication 1, dans laquelle le polymere (E) est une resine thermoplastique choisie 
parmi un copolymere ethylene-acetate de vinyle, un polyoxyde de phenylene, un copolymere ethylene-alcool vi- 
nylique, un copolymere acrylonitrile-styrene, un polyamide, un polyvinylbutyral, un polyvinylacetal, un polyacrylate 
de methyle, un copolymere acrylonitrile-butadiene-styrene, un copolymere methacrylate de methyle-butadiene- 
styrene et un polystyrene. 
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